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The technical procedure employed in inoculating animals with vac- 
cine virus as a  prophylactic measure against the allied, more severe 
disease smallpox, has undergone few essential modifications since the 
time of Jenner.  Methods of producing an equivalent degree of im- 
munity without the lesions of pustular vaccinia have been attempted 
but have never proved completely successful.  Recent investigations 
in the field of virus disease have pointed the way to a new experimental 
approach which appears to offer a means to the desired end. 
The view, recently put forward by Andrewes (1), that a virus is not 
destroyed by contact with its specific antiserum but, on the contrary, 
forms a loose union from which it may be recovered, is the basis of the 
experiments reported in this communication.  The method employed 
depends upon the use of vaccine virus and its specific immune serum 
mixed in such proportions that when the material is inoculated intra- 
dermally in a normal animal no lesion results though free virus isliber- 
ated in amounts sufficient to render the animal resistant to a subse- 
quent injection of virus alone. 
The use for immunization of a pathogenic agent neutralized or rendered innocu- 
ous  by  association with  specific antisubstance  originates in the observations of 
yon Behring (2) on  diphtheria.  He demonstrated that it was possible to irnmun° 
ize animals against diphtheria by the use of toxin-antitoxin mixtures.  Arrhenius 
and Madsen (3) found that free toxin was liberated from the mixture but so slowly 
and in such small amounts that immune bodies were produced  in the absence of 
disease  symptoms.  Andrewes  (1)  considered  mixtures  of  virus  and  immune 
serum similar to combinations of toxin and antitoxin, since he was able to recover 
free virus from the mixture by dilution or by filtration through a Berkefeld candle. 
The  same  author  (4)  injected  rabbits  with  vaccine virus  and  immune  serum, 
coincidentally, into different veins, and found that 50 per cent of the animals so 
treated were immune to subsequent intradermal inoculation of virus alone.  There 
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was no gross evidence of generalized vaccinla;  but histological studies  were not 
made.  Gordon  (5) found that vaccine virus is most rapidly absorbed  when in- 
jected subcutaneously  or applied  to the nasal mucous membrane.  Gins  (6) in- 
serted cotton pledgets soaked with vaccine virus into the nasal cavities of rabbits 
and found that the animals were resistant to a subsequent intradermal  inoculation, 
although no pathological alterations  of the nasal mucous membrane resulted from 
the procedure.  Le Gros Clark  (7) investigated  the route of absorption  from the 
nasal mucous membrane and found that a solution of potassium ferrocyanide and 
iron ammonium citrate reached the surface of the brain within 1 hour by way of the 
perineural sheaths of the olfactory nerves.  The perineural spaces were found to be 
continuous  with the subarachnoid  space above and to extend peripherally  along 
the terminal  fibers of the olfactory nerves to the sensory epithelium of the nasal 
mucous membrane. 
It has  been  shown  then:  first,  that vaccine virus is very rapidly 
absorbed when given subcutaneously or by way of the nasal mucosa; 
second, that it can produce immunity when absorbed from the nasal 
mucosa,  and  third,  that  free vaccine virus  can  be  recovered from a 
mixture of the virus and its specific immune serum. 
In view of these facts it has seemed desirable  to ascertain  the im- 
munizing power of neutralized vaccine virus-immune serum mixtures 
given  by  the  nasal  and  by  the  subcutaneous  routes  respectively. 
Material Employed 
A stock strain of Levaditi neurovaccine was employed which had been kept at a 
constant level of infectivity  by glycerolation and fairly frequent  animal passage. 
The activity of the strain was such that symptoms of vaccinal  encephalitis  ap- 
peared 3 days after intracerebral  inoculation in rabbits.  The animals were ether- 
ized as soon as convulsions were observed and the brain was removed with pre- 
cautions for asepsis, cultured to exclude bacterial  contamination,  and ground with 
sand and physiological saline to make a 10 per cent emulsion  After brief centrif- 
ugation to throw down the sand, the supematant fluid was removed  by a  pipette 
and diluted variously with saline.  Normal rabbits were inoculated  intradermally, 
on the one flank with 0.2 cc of each of the various dilutions and on the other with 
similar volumes of virus previously mixed with an equal amount of immune serum, 
obtained by bleeding rabbits 3 weeks after recovery from acute, pustular vaccinia. 
In most instances 0.2 cc. of immune serum sufficed to inactivate an equal amount 
of a 1:100 dilution of a virus which gave rise to lesions when inoculated alone in a 
dilution  of 1:100,000.  When this was the case, a  1:200 dilution  of glycerolated 
vaccine virus brain mixed with an equal amount of immune serum could be con- 
sidered  neutralized  material  and this was used.  Both the mixture and the glyc- 
erolated  virus  as  such were inoculated  intradermally  into a normal rabbit as a c.  P.  R~OADS  187 
control for each immunizing treatment.  Occasional/y the total volume of the mix- 
ture was made up at the outset; at other times the virus and immune serum were 
mixed each time the neutralized material was used. 
Intranasal  Instillation 
A  series of treatments consisted of from three to five instillations at 1 or 2 day 
intervals.  1 cc. of neutralized material was dropped in each nostril at every instil- 
lation.  Daily temperature readings were made and the animals observed closdy 
to  detect  any  nasal  discharge  or  other  pathological  alteration.  With  certain 
groups of the treated animals were included rabbits which received nasal instilla- 
tions of immune serum alone.  Tests for immunity were carried out 10 days and 
6 weeks after the completion of the treatments.  For this purpose 1 : 100, 1:1,000, 
and 1 : 10,000 dilutions of fresh neurovaccine with physiological saline were prepared 
and inoculated into the treated animals, normal controls, and known immunes. 
Subcutaneous  Inoculation 
In this group of experiments, the animals were treated by three sub- 
cutaneous inoculations of 2 co. of neutralized mixture at intervals of 
4 days.  As in the series treated by nasal instillation, the material was 
glycerolated  neurovaccine  rabbit  brain,  neutralized  with rabbit  im- 
mune serum.  Control animals received 0.4 co.  of the same material 
intradermally.  No local reaction or rise in temperature was observed 
in either treated rabbits or the controls.  Some were tested for im- 
munity  10 days  after the last inoculation and others after 6  weeks. 
The tests were carried out exactly as in the series treated nasally. 
Certain animals were etherized at various intervals  during and fol- 
lowing  the  treatments.  The  organs,  including  nasal  mucosa  and 
brain, were fixed in Zenker's fluid,  stained with eosin-methylene blue, 
and  examined  histologically.  Nasal  mucosa,  brain,  and  lung  were 
suspended and inoculated intradermally in normal rabbits.  This was 
done to demonstrate that free virus had separated from the neutralized 
mixture in rico. 
ILLUSTRATIVE  PROTOCOLS 
Series A.--Ten rabbits were treated on 3 successive days by the nasal instilla- 
tion of 1 cc. of a mixture of equal parts of 1:2,000 salt solution dilution of glycer- 
olated neurovaccine brain virus and pooled rabbit immune serum.  No  local re- 
action or rise in temperature was observed.  Some of the mixture was inoculated 
intradermally in a normal control rabbit at each treatment, and no reaction ever 
resulted.  Injection of the unmixed virus gave rise to a characteristic lesion regu- 188  IMMIYNIZATION AGAINST VACCINIA 
larly.  Mter a  10 day interval, four of the animals were tested for immunity by the 
intradermal inoculation of 0.2 cc. of a 1:100, 1 : 1,000, and 1 : 10,000 of a salt solution 
dilution of fresh rabbit brain neurovaccine.  A normal rabbit and one which had 
recovered from typical pustular vaccinia were used as controls.  At the end of 
24 hours, the treated rabbits showed a red, raised zone of erythema about 1.5 cm. 
in diameter at the site of injection of the 1 : 100 dilution.  After 48  hours this re- 
action had faded, but the normal control  exhibited characteristic elevated, firm, 
red lesions  with blanched  centers  at  all  three  inoculation  sites.  Necrosis was 
present in all these at the end of 72 hours, and from that time on the course of the 
lesions was typical of vaccinia pustule.  Neither the treated animals nor the im- 
mune control showed any further reaction. 
The same animals as well as two treated but uninoculated rabbits were tested 
for immunity 6 weeks after the final  nasal  instillation.  The same dilutions of 
virus were inoculated  and controls were like those in  the series  just  described. 
Many of  the  treated animals showed  a  transient  erythematous reaction to  all 
dilutions,  which reached its height in 48 hours and then rapidly faded.  The nor- 
malcontrol animal developed characteristic severe vaccinia lesions which progressed 
to necrosis. 
Series B.--Four rabbits were treated in  exactly the same way as those in Series 
A,  except that  after the  third  instillation  one was etherized  each day and an 
autopsy performed.  Salt solution  suspensions  of brain, lung,  and nasal  mucosa 
were prepared and inoculated intradermally into normal rabbits.  Those of brain 
and nasal mucosa uniformly gave rise to a  vacclnia lesion,  whereas lung usually 
failed to do so.  The brain, nasal mucosa, lung,  liver, spleen, kidney, and testicle 
were examined histologically  and showed nothing abnormal. 
RESULTS 
The only  visible  reaction  in the  skin of the treated animals on sub- 
sequent  test was a  transient,  raised,  erythematous  area,  from  1  to  2 
cm. in diameter, which developed only where  the lower dilutions  had 
been inoculated.  This reaction ordinarily reached its maximum after 
24 to 48 hours and faded rapidly.  About 50 per cent of the treated 
rabbits showed  this  response, very similar to  that resulting  from the 
intradermal  inoculation  of  animals  known  to  be  immune.  Normal, 
control  rabbits,  on the other hand,  developed erythematous  areas at 
the sites of inoculation of all the dilutions and after a  longer period of 
incubation.  The  lesions  in  the  controls  progressed  rapidly  through 
blanching to severe necrosis with subsequent extension, involving the 
entire flank of the animal, and often giving rise to generalized dermal 
vaccinia.  A  period  of  several  weeks  frequently  intervened  before 
healing was complete. C.  P.  R/lOADS  189 
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Tables  I  and II  record a  typical successful experiment involving 
nasal instillation of the neutralized mixture, and Table III the result 
of one with subcutaneous inoculation of similar material.  The others 
were so similar as to render detailed description of them unnecessary. 
The animals treated by way of the nose showed a  slight rise in tem- 
perature,  rarely to  above 103.5 ° .  No febrile reaction was observed 
in  the  series  of  animals  receiving  subcutaneous  treatments.  The 
relatively small number of the latter in the series tabulated proved to 
be fully as effective as the greater number employed in earlier experi- 
ments. 
The most suitable combinations of virus and immune serum were 
ascertained only after several trials.  It was found that if insufficient 
serum was employed, a  typical delayed vaccinal lesion resulted when 
the mixture was inoculated intradermally in a  control animal.  If an 
excess of immune serum was present, the immunity resulting from the 
treatments was slight, as compared with that observed in more favor- 
able experiments. 
In certain instances an amount of neutralized mixture sufficient for 
the entire  series of treatments was  prepared  and  stored  at  +4°C. 
When this was done, there was a well-marked tendency for free virus 
to  dissociate  from  the  virus-antiserum  combination  and  produce 
vaccinia in  the  control  animals.  If  this  dissociation  occurred, the 
treatments  were immediately discontinued  and  the  series  was  dis- 
carded.  Animals  treated  with  insufficiently  neutralized  material 
developed a sharp febrile reaction and a variable amount of nasal dis- 
charge, and their organs often showed typical lesions of generalized 
vaccinia  when  examined  histologically.  The  changes  were  most 
marked in the lungs and were similar to those described by Stewart 
and Duran-Reynals (8)  in a  study of the effects of generalization of 
vaccine virus from enhanced skin lesions.  It seems probable that the 
instillation  of active virus into  the nose,  as practiced by  Gins  (6), 
depended on the presence of vaccinia lesions for the production of 
immunity. 
Histological examination of the nasal  mucosa, brain, lung, spleen, 
liver, and testicle of rabbits treated with properly neutralized material 
showed no vaccinal lesions.  Virus could often be recovered from the 
nasal  mucosa  and  from the brain  and  occasionally from the  lung. c.  1,.  m~OADS  193 
This is in accord with the observation.s of Demme  (9) which indicate 
that active vaccine virus may be present in tissues without giving rise 
to lesions. 
CONCLUSIONS 
1.  Vaccine virus and specific immune serum mixed in such propor- 
tions as to produce no lesion when inoculated intradermally induce 
immunity when instilled into the nasal cavities of rabbits. 
2.  The mixture is also effective when inoculated subcutaneously. 
3.  Immunity is brought about with a  minimum of systemic reac- 
tion and no local one. 
4.  When  the  mixtures  are  incompletely  neutralized  generalized 
vaccinia results. 
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